Research on mobile technology adoption has focused predominantly on young adults, and little attention has been paid to older people. But with rapidly aging populations in most developed countries, and evidence from many studies that older adults are as capable of adopting and using mobile technology as everybody else, the academic, business and technology industry worlds are devoting more attention to this group. Research has already demonstrated that older people differ from young people in their perceptions, preferences and usage of mobile technology, but there are also differences within the older adults group regarding mobile technology adoption. Using data from a mobile phone survey, this study identifies segments of mobile phone users among older adults based on their attitudes towards mobile phones, and describes the underlying differences between these segments in terms of key values towards mobile phone communications, mobile phone use, and socio-demographics. The analysis led to the identification of three distinct segments, designated as "Apathetic", "Social and hedonic" and "Busy and active".
Introduction and background
In recent years, mobile communication technology has gained worldwide popularity with mobile phone ownership rates reaching impressive levels in some countries. In 2012, there were nearly 400 million mobile phone subscribers in Europe and almost 629 million active SIM (Subscriber Identity Module) cards, and they are expected to rise to 417 million mobile phone subscriptions and 700 million active connections by 2017 as mobile technology continues to Paula Vicente and Inês Lopes spread and mobile phones become the main mode of communication for most people (Fernández-Ardèvol, 2010) .
Mobile phones have gained this popularity because they allow people to stay in touch and have easy access to information anywhere and anytime. The level of mobile phone adoption is, however, different across subgroups. In the EU27 member states, almost all citizens below the age of 55 have a mobile phone, but numbers go down to about 55 % for those aged 75 and over. Mobile phone ownership is also less common among those who left school before 16 (78 %) and the retired (78 %) (TNS, 2013) . Moreover, there are variations in use patterns. Younger people's use of mobile phones is driven mainly by social and psychological motivations. They tend to use their mobile phones to engage in activities such as social networking, watching videos, instant messaging and to access the internet (Instituto Nacional de Tecnologías de la Comunicación, 2011; Ipsos MediaCT, 2014; MarketingProfs, 2014; Salesforce, 2014) . Adults tend to use mobile phones for personal/family safety and job-related purposes rather than social and hedonic reasons (Conci, Pianesi, and Zancanaro, 2009) , while the older adults mostly use mobile phones as a support for their functional autonomy, and to enable them to continue living independently in their own homes (Boulton-Lewis, Buys, Lovie-Kitchin, Barnett, and David, 2007) . Differences in mobile phone usage are also influenced by characteristics of work, income, education, marital status as well as by the attitudes, behaviors and perceived benefits of mobile phones (Rice and Katz, 2003) .
Based on the differences in ownership and usage, and in attitudes and preferences across subgroups, distinct typologies of mobile phone users have been created. Antoine (2003) suggests six segments to distinguish mobile phone users: (1) the "Uninvolved", corresponding to those who make only limited use of their handsets, own old handsets with limited functionality and restrict usage to a few calls per month; these users see the mobile phone merely as a communication tool and do not value any other functionalities, and they are much older than the average, (2) the "New life harmony" subgroup includes users who know a lot about mobile phones but make only limited use of their handsets; although they have recent handsets, they have no interest in new features and tend to be younger than the average, (3) the "Voice as a link" subgroup tends to include "show-offs" who are very focused on the emotional aspects of using a mobile phone; they use the mobile phone to share emotions with others, sometimes for no particular reason and mostly by voice communication; they are generally older than the average, behave as "passive followers", and are not curious about new functions, (4) the "Adopters" are pragmatic users who consider mobile phones a practical tool; despite basic usage, they show a relatively strong personal link with their phone and make considerable use of it; they are ready to adopt new features if they meet their needs, (5) the "Intense" segment comprises people who see their mobiles as an indispensable link with their relatives; their handset is above all a communication tool, and their use of SMS is well above average; they are expert users with a strong interest in new functions, and much younger than the average, and (6) the "Forerunners" are the passionate users who expect their mobiles to reflect their personality; they are almost addicted to their mobile phones and are generally over-equipped with hi-tech devices; these people use all the handset features, make frequent calls and use both voice communication and text messaging; their mobile phone is no longer simply a communication tool but a multimedia device; they are much younger than the average.
The segmentation proposed by Horrigan (2007) is based not just on mobile phone usage but also on overall Information and Communication Technology (ICT) usage. He identifies ten distinct groups but they can fit broadly into three segments: (1) "Elite users", namely people with the most information technology, heavy and frequent users of the internet and mobile phones and, to varying degrees, engaged in user-generated content; their levels of satisfaction with the role of ICT in their lives is generally high, (2) the "Middle-of-the-road users", namely people with a task-oriented attitude towards information technology; they use ICT for communication more than for self-expression, and (3) the "Few technology assets", namely people for whom modern gadgetry is at, or near, the periphery of their daily lives; some find it useful, others do not, and others simply stick to the plain old telephone and television.
More recently, Krum (2010) referred to five main segments that distinguish mobile phone users based on attitudes towards mobile communications: (1) the "Up-to-date" segment, that is, those who use their mobile phone as a resource to keep them connected with real-time information about the world around them, (2) the "Social and curious", that is, those using their mobile phones to network, keep up with friends and stay in touch with the people they care about, (3) the "Busy and productive" segment, that is, mobile phone users who want all information that enhances their personal efficiency and ability to cope with a busy schedule; they use mobile phones because they are more portable, accessible or convenient than traditional computers; they are interested in anything that can help them manage their multiple priorities and meet the demands of their busy day, (4) the "Latest and greatest", that is, people who want to be the first to try something, want to use the latest technologies and applications and to belong to the newest social networks and communities, and (5) the "Just the basics", that is, people whose only interest in the phone is to make life easier; they are not impressed by the newest technology or the marketing appeals of most applications.
Young adults have been the focus of most discussions about technology, technological devices and their adoption and use, while older people tend to have been neglected. The general idea that older adults are not very relevant when studying technological issues has been fueled by several factors. First, older adults are believed to be averse to technology, reluctant to experiment new products and services and to prefer to do things the old-fashioned way (Abascal and Civit, 2000; Hazer and Sanli, 2010; Nasir, Hassan, and Jomhari, 2008; Szmigin and Carrigan, 2000) . Second, there has been a negative image of the elderly since the early 21 th century, due to their lack of productivity and loss of social prestige (Dias, 2012) . Additionally, many studies on the digital divide report a strong negative correlation between age and technology adoption and use (e.g., Czaja and Lee, 2007; Morris, Goodman, and Brading, 2007; Neves and Amaro, 2012; van Deursen and van Dijk, 2014) , which further devalues the older adult group. However, this situation is gradually being inverted and older adults are gaining more attention in academic, business and technology industry worlds for a number of reasons. First, in most developed countries, older adults are the fastest growing demographic group. People aged 55 or over represent approximately 35 % of the European population, and are expected to increase to 44 % by 2030 (European Commission, 2012) . Additionally, the older adults of today have different values, attitudes, life expectancy, life styles and financial possessions from those of previous generations and therefore our knowledge about older adults needs to be updated (Ahmad, 2002) . Moreover, a number of studies present evidence that older adults are just as likely as anybody else to accept and adopt technology (e.g., Conci et al., 2009; Mallenius, Rossi, and Tuunainen, 2007; Morris et al., 2007; Rogers, Mayhom, and Fisk, 2009; Rogers and Mynatt, 2003; Selwyn, 2004; Steele, Secomble, and Wong, 2009; Vuori and Holmlund-Rytkönen, 2005) , so it is unfair to consider them technophobic. Older adults' expectations of mobile communications are not very different from those of generic users, namely reliable personal communications and services to improve safety and quality of life (Swindell, 2002) . Mobile phones can bring benefits to the daily lives of the elderly as they provide a convenient and inexpensive connection with family and friends, and may play a crucial role in the safety-security domain. Devices with safety alarm and person location functions, for example, enable the elderly to get immediate emergency help and health support by pushing the emergency button. Mobile phones can also be used as memory aids to compensate for age-related memory decline. The appointment reminder, alarm, and address book functions can help the elderly schedule and remember daily activities. Even the potential mental training and entertainment offered by games and audio-visual player functions may be attractive to older adults (Chen et al., 2013; Nasir et al., 2008) .
Although there is some evidence that the over-55-years group is not one homogeneous group but contains several sub-groups with distinct life styles, values and motivations (Bone, 1991; Vuori and Holmlund-Rytkönen, 2005) , most studies on the adoption of the mobile phone communications by older adults have focused on identifying the determinants of mobile phone usage (e.g., Abascal and Civit, 2000; Chen, Chan, and Tsang, 2013; Conci et al., 2009; Mallenius et al., 2007) without considering the heterogeneity among this group. The segmentations proposed by Antoine (2003) and Krum (2010) are evidence of the distinct subgroups that can be found among the general population of mobile phone users. Different segments among the elderly are also likely to exist since some studies have noted that older people's motivations for adopting and using mobile technology vary (e.g., Duggan, 2013; European Senior Watch Observatory and Inventory, 2002; Tang, Leung, Haddad, and McGrenere, 2013) . Segmenting mobile phone users, permits different feelings towards mobile phone adoption to be identified, and this can assist mobile technology designers and service providers when developing new communication devices and services to meet users' needs and expectations. In fact, older people can only be successfully reached if there is a good understanding of their abilities, needs, and preferences (Rogers and Mynatt, 2003; van Biljon and van Dyk, 2011) . This study contributes to this area by segmenting older mobile phone users according to their attitudes towards mobile phones and describing the differences underlying the various groups in terms of usage, key values towards mobile phone communications and socio-demographics. The paper is organized as follows: In the next section, we describe the data and methods of the study. The results are presented in the section that follows, and finally, we present our conclusions and discuss the implications of our findings.
Data and methods
Data used in this study was collected by means of a mobile Computer-Assisted Telephone Interviewing survey using a national random digit dialing sample of mobile phone numbers. The survey was conducted in May 2012 and covered the general Portuguese population of users of mobile phones aged 15 years or older. Sample selection was not list-assisted as there is no database of mobile phone numbers that can be used as a sampling frame. Mobile phone numbers have nine digits and the first two digits identify the operator. Information from the Portuguese Telecommunications Regulation Authority about the market share of each of the three mobile phone operators in Portugal was used to Paula Vicente and Inês Lopes stratify the population according to service operator. For each operator, mobile phone numbers were created by a generator of seven-digit random numbers, thus making the sample selection method very similar to simple random sampling. A total of 11,472 numbers were dialed, 7,769 of which were eligible numbers. Up to 15 call attempts were made to eligible numbers. The respondent was the person who answered the call on the mobile number, after ensuring he/she was 15 years or older. A total of 1501 mobile phone users were interviewed, 363 of whom were aged 55 or older, which corresponds to 24 % of the sample.
The questionnaire comprised three sections. The first included questions on mobile phone ownership, expenses incurred, and functionalities used. The second section included a set of 16 items designed to evaluate the respondents' attitudes towards mobile phones. These items were measured by means of a four-point Likert-type scale (1 = totally agree, 2 = agree, 3 = disagree, 4 = totally disagree). These items were constructed using the results of the "Portugal Mobile" study conducted in 2007 by OberCom Portuguese Communications Observatorium (Cardoso, Gomes, Espanha, and Araújo, 2007) . The third section addressed socio-demographics with questions on the respondent's sex, age, employment status, educational level, region of residence and social class.
The analysis starts with a Principal Components Analysis carried out on the 16 items used to assess attitudes towards mobile phones. Older mobile phone users are then segmented according to their attitudes towards mobile phones by means of a Hierarchical Cluster Analysis. Attitudinal variables were chosen as classification variables because other empirical studies reveal the importance of attitudes to understanding mobile phone usage (Duggan, 2013; Tang et al., 2013; Vehovar, Belak, Batagelj, & Cikic, 2004) . The segmentation is complemented by a description of the clusters in order to assess differences between the groups.
Results

Respondents
Almost all of the older respondents are the owners of their mobile phone (96 %), and about one quarter own more than one. The most common tariff among these respondents is the rechargeable card without a top-up tariff (55 %). The mean age of the respondents is 64.6 years, ranging from 55 to 92 years (std deviation = 7.4). Table 1 summarizes the socio-demographic profile of the 363 older respondents. The respondents are mostly in the 55-64 age subgroup (55.6 %), have 'other' as professional occupation (which includes the retired and housewives) (65 %), have a basic level of education (no more than 9 years of schooling) (65 %), belong to the lower middle or low social class (51 %), and the majority live outside the large metropolitan areas in Portugal -Lisbon (the capital) and Oporto (the biggest city in the North) (63.4 %). This profile is in line with the profile of the 55+ age group in the overall Portuguese population (Dias, 2012; Marktest, 2012; OberCom, 2007) .
Attitudes towards mobile phones
We investigated several attitudes towards mobile phones using an exploratory principal component analysis (KMO = 0.762; Bartlett's test p-value = 0.000). In total, 16 items are represented in a five-factor structure which together account for 56 % of the total variance. The resulting five-factor solution and the factors' labels are shown in Table 2 .
According to the highest loadings in each dimension (loadings above 0.50), the labeling of the new dimensions is as follows: Component 1: The mobile phone is an addictive device; Component 2: The mobile phone is a social status Paula Vicente and Inês Lopes Table 2 : Loadings of components of attitudes towards mobile phones. The mobile phone is a technical device mostly to make and receive calls
Components and items
Loadings
+0.818
My mobile phone is only useful to me if it is permanently on +0.584
The mobile phone allows me to be in contact with family and friends
+0.516
Component 5: The mobile phone is a device that negatively affects privacy and 
Segments in the 55+ mobile phone users group
A cluster analysis was performed with the 363 cases. The older adults were grouped using the components of attitudes towards mobile phones as clustering variables. The Hierarchical Clustering Ward method pointed to a threecluster solution. The three clusters identified were designated "Apathetic", "Social and hedonic" and "Busy and active". Table 3 contains the size, key attitudes towards mobile phones, mobile phone ownership and use, and sociodemographics for each cluster/segment.
The "Busy and active" segment includes that group of older adults who are still professionally active and for whom the mobile phone is a useful working tool in their professional life and not just a basic communication device or social status object. Their positive feelings towards mobile phones are highlighted by the fact that they disagree that the mobile is addictive or a device that upsets tranquility or privacy. The high percentages of users in this group owning more than one mobile phone (59.1 %), spending more than A 20 a month on mobile communications (54.8 %) and with a monthly contract tariff (58.7 %) are evidence of a pattern of intensive and frequent mobile phone use. Respondents in this cluster are more likely to use the mobile phone to make personal or professional calls, send SMSes, access the internet, consult/edit the mobile phone agenda, take photos and read e-mails than in the other two groups. They seem to be younger than the respondents in the other two clusters, as 55 % of respondents aged between 55 and 64 years belong to this cluster; they are more likely to be employed, have a higher educational level, belong to upper social classes, and the majority of those living in heavily urbanized areas are in this group (54.3 %). The "Busy and active" segment represents 50 % of the sample.
The "Social and hedonic" cluster includes respondents who essentially consider the mobile phone to be a social status object; their negative feelings are related to the disturbance of privacy and tranquility caused by mobile phones and the risk of addiction. The percentage of older adults that use the mobile phone to access the internet (4.5 %), consult/edit the agenda (5.6 %), read e-mails (6.2 %), send SMSes (10.9 %), take photos (12.8 %) and make personal calls (18.1 %) is the lowest of all three clusters. However, they use the mobile phone predominantly to make and receive personal calls which indicates they consider voice communication to be an important way of staying in Paula Vicente and Inês Lopes touch with others. Taking photos is this cluster's second most common use of the mobile phone, which is a sign of a hedonic/leisurely relationship with the device. Respondents in this cluster do not seem as old as respondents in other clusters as only 15.2 % of those aged 75+ are in this group; they are less likely to be highly educated, as only 7.5 % of respondents with university education are classified in this cluster, and less likely to belong to the upper/upper-mid-dle social classes (9.4 %). This is the minority cluster, representing only 18 % of the sample. The "Apathetic" segment, representing 32 % of the overall sample, was given this name as it includes older adults who only value the mobile phones as a device that allows them to get in touch with others, and are indifferent to (or do not value) all other aspects. While this group is positioned between the other two clusters in most of the mobile phone ownership and use items, it stands out socio-demographically in terms of age and gender. The cluster seems to comprise predominantly elderly women -it has the highest percentage of people aged 75 years or older people (47.8 %) and nearly 40 % of women are in this cluster -, probably widowed and living alone, for whom the mobile phone provides a sense of security or safety, as family members can be contacted in case of emergency.
Discussion and conclusion
The aim of this study was to segment older mobile phone users according to their attitudes towards mobile phones. Through the cluster analysis, we identified three segments with different attitudes towards mobile phones: "Apathetic", in which users regard the mobile phone as a mere communication device useful to stay in touch with family and friends, "Social and hedonic", in which the mobile phone is seen mostly as a social status object, and "Busy and active" in which the mobile phone is essentially a working tool. Half of the sample is made up of "busy and active" older adults. The sample did not contain as many clusters as in the literature. One explanation may be that only attitudinal variables were used for classification and not behaviors and socio-demographic characteristics as in other segmentations. Another explanation could be that our segmentation is performed on a restricted subgroup -those aged 55+ -rather than the entire population of mobile phone users and heterogeneity among a smaller group is likely to be lower than in large groups. Nevertheless, our results demonstrate that the older-adult population is not a homogeneous group but includes people with distinct key attitudes towards the mobile phone.
The differences observed between the three segments are probably due to the distinct lifestyles, time occupation and life cycle that impact the importance older adults attribute to mobile phones and their pattern of mobile phone use. The "Busy and active" are more likely to be younger, highly educated, belong to the upper social classes, and be employed; this is coherent with a busy lifestyle for either professional or social reasons that entails more frequent use of the mobile phone and its various functionalities to stay in touch with others and/or to resolve problems efficiently. This group has some similarities with the "Middle-of-the-road users" of Horrigan (2007) because of their very taskoriented use of the mobile phone, and also shares characteristics with the "Busy and productive" (Krum, 2010) and the "Adopters" segments (Antoine, 2003) , which demonstrates that some older people have busy schedules and need mobile phones to cope with multiple tasks.
The "Apathetic" segment comprises people who do not make much use of the mobile phone, probably because they find it difficult to deal with technological devices due to their advanced age -47.8 % of people aged 75 or older belong to this segment -and low education -this cluster includes only 17.9 % of university graduates. Older adults in this segment are more likely to be retired and therefore have fewer communication and social networking needs. They give greatest value to the fact that the mobile phone allows them to connect with family and friends and so helps fight loneliness and isolation; they use the phone mainly for making personal calls (32.5 %) and sending SMSes (23.4 %), and do not value the mobile phone's other features. This group shares some characteristics with the "Uninvolved" (Antoine, 2003) and "Just the basics" (Krum, 2010) segments in that they make limited use of the mobile phone and feel predominantly that it serves to get in touch with family and friends.
The "Social and hedonic" segment has a less utilitarian and functional relationship with the mobile phone. The social image of the mobile phone is important to the people belonging to this segment, and their main use of the mobile phone -receiving and making personal calls -is evidence that it fulfills their needs for social networking and keeping up with friends. The group also highlights addiction and invasion of privacy as the strongest feelings towards mobile phones, which means they probably spend a lot of time on the phone. This group has some similarities with the "Voice as a link" (Antoine, 2003) and the "Social and curious" (Krum, 2010) segments due to the social importance attributed to the mobile phone.
The outcomes of the study reveal that mobile communications play different roles in the lives of older adults, so those who design mobile phone devices, conceive and implement mobile applications or provide mobile communications services should recognize that an approach of the type "one model fits all" is not the most adequate to reach older adults. In the future, the "Busy and active" segment will undoubtedly grow as people must remain professionally active longer due to increases in the retirement age (e.g., in Portugal). At the same time, there will always be place for the other segments to exist, namely because older adults is a subgroup with specific characteristics arising from ageing -changes in perception, cognition, movement, and psychosocial functioning -which affects the way they use technology in general and mobile phones in particular.
Data used in this study was collected by means of a mobile Computer Assisted Telephone Interviewing survey, a fact that needs to be taken into account when interpreting specific outcomes of this study. The frequency and intensity of mobile phone use is most marked in the "Busy and active" segment, which is also the biggest segment, weighting 50 % of the sample. However, there should be caution in concluding that the majority of the older adult population are "Busy and active" because the size of this segment in the sample may be a consequence of the survey mode. Indeed, it is precisely the people who use mobile phones more often and with more confidence that are more likely to agree to participate in a mobile phone survey, thus leading to their overrepresentation in the sample. Consideration should also be given to the values of Cronbach's Alpha associated with the attitudinal dimensions as they are below the adequate standards (≥ 0.7), suggesting a low internal consistency of the attitudinal components. This may be a consequence of some measurement error introduced in the data caused by administering the questionnaire via mobile phone. It is well recognized that the mobility of the mobile phone allows mobile phone interviews to be responded to in a variety of places and circumstances, some of which are not the most favorable to listen properly to the questions and think carefully about the answers (AAPOR 2010). More than a quarter of the older adults in the sample were interviewed outside the home (on the street, in shops, in someone else's home), and this might have affected data quality, thus causing lower Cronbach's Alpha values.
As the proportion of older adults is expected to grow and the ubiquitous presence of mobile communications is increasingly an attribute of modern societies, the adoption of mobile technology by older adults should be examined carefully to help mobile technology designers and service providers develop new communication devices and services that meet these users' needs and expectations. The exponential growth of smartphone ownership has already been identified as a trend in the mobile communications market (eMarketeer, 2014), but there is a lower penetration rate of these devices among older age groups, and they have greater difficulty in using them (e.g., MarketingProfs, 2014; Nielsen, 2013) . Whether this is a cause for the mobile exclusion of the elderly, and whether the same segments would be found if the analysis was restricted to owners of smartphone devices are both interesting avenues for future research.
